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by epimerization of reserpine in refluxing acetic anhy-
dride, contained less than 0-019%, reserpine as indicated
by paper chromatography. Refluxing 3-isoreserpine ob-
tained in this manner in acetic acid for 24 h gave an equi-
librinm mixture of the C-3 epimers from which a 159,
yield of reserpine could be obtained. The separation of
the two alkaloids from the acetic acid equilibrium mix-
ture was easily accomplished by treatment with limited
amounts of ethyl acetate at room temperature. 3-Iso-
reserpine is readily soluble while only moderate amounts
of reserpine dissolve. An additional 59, of reserpine can
be separated from the ethyl acetate soluble fraction by
chromatography on a cellulose column impregnated
with formamide using benzene-cyclohexane (1:1) as the
eluting agent. Because of the stability of both reserpine
and 3-isoreserpine in refluxing acetic acid, especially in
the absence of oxygen, and the ease of separation of the
two alkaloids, the unepimerized 3-isoreserpine can be
recycled to enhance the overall conversion. The reserpine
obtained by this process {m. p. 265-266°, [«]%-118°
{chloroform); Amnalysis, Calculated for C;3HN,04: C
65-119%,; H 6-62%,; N 4-60%,; Found: C 65-29%,; H
6:75%; N 4-63%,) showed an identical infrared absorp-
tion spectrum and identical pharmacological activity to
natural reserpine.
A 3-isoreserpine derivative has been transformed into
a compound of the reserpine series by a second method.
We have already reported® that 3-isoreserpic acid forms
an O-acetyl amino acid on treatment with acetic an-
hydride and pyridine at room temperature, indicating
its reluctance to form a lactone. Reserpic acid lactone
does not epimerize at C-3 and rings C, D, and E must
thus be locked in the frans-anti-cis conformation. 3-Iso-
reserpic acid was therefore subjected to conditions fa-
voring acid catalyzed isomerization and subsequent
lactonization. The epimerization equilibrium can thereby
be displaced in the desired direction. Treatment of iso-
reserpic acid hydrochloride (m.p. 277-279°C [dec.];
Awnalysis, Calculated for C,,H,,O;N,-HCl-14H,0O; C59-
24%; HG6-789%,; N6-28% ; Found: C59-13%; H6-85%;
N6:28%) obtained by potassium hydroxide-methanol
hydrolysis of methyl isoreserpate (m.p. 220°C)? with
refluxing acetic anhydride containing a small amount
of acetic acid gave reserpic acid lactone (m.p. 310-
314°C). The material was identified by comparison of
melting point,mixed meltingpoint and infrared spectrum
with a sample of reserpic acid lactone.® Similarly this
transformation could be effected in better yield in
refluxing collidine containing p-toluenesulfonic acid
and phosphorus pentoxide. Reserpic acid lactone has
been converted previously to reserpine in these labo-
ratories®.
C. F. HuERxER, M., E. KUEHNE,
B. Korzuw, and E. SCHLITTLER

Research Labovaiories, CI BA Phavmaceutical Producis
Inc., Summit, New Jevsey, April 12, 1956.

Zusammenfassung

Es konnte gezeigt werden, dass das Gleichgewichts-
gemisch Reserpin/3-Isoreserpin, das beim Kochen in
Essigsdure erhalten wird, betrichtliche Mengen Reserpin

5 C. T. HuesNER, H. B. MacPuiLLanmy, E. ScuHLITTLER, and
A. F. St. Aupre, Exper, 11, 303 (1955),

8 L. Dorruax, A, FUrLENMEIER, C. F. Huesxer, R, Lucas, H.
B. MacPamLany, J. 3 MvuerLer, E. Scurirrier, R. ScHEWYZER,
and A. F. St. AxpreE, Helv. chim. Acta 37, 59 (1953).
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enthilt. Durch Abtrennung der beiden Komponenten
dieses Systems ist die Umwandlung von 3-Isoreserpin
in Reserpin erméglicht.

3-Isoreserpsdure-hydrochlorid erfubr in Acetanhydrid
eine Isomerisation mit anschliessender Bildung des
Lactons der Reserpsiure.

Rauwolfia Alkaloids XXVI. Stereochemistry
at G-17

Reserpine and deserpidine have been formulated with
the C-17 methoxyl #rans to the groups at C-16 and C-18
(¢-oriented in the absolute sense)?, as best evidenced by
the postulated neighboring group participation of the
C-17 methoxyl in the internal quaternization of methyl
reserpate tosylate® This complex reaction occurs only
under the comparatively rigorous conditions of re-
fluxing collidine or dimethylformamide. In addition to
the 309, yield of the inner quaternary salt and a smaller
quantity of methyl anhydroreserpate, at least two other
as yet unidentified crystalline products arc formed.
Therefore, corroboration for the assigned configuration
of the C-17 methoxyl is desirable. This confirmation
comes from two independent lines of evidence.

The previously reported product obtained from 3-epi-
a-yohimbine in 70% yield by the action of p-toluene-
sulfonyl chloride in pyridine at 5°3 has been reexamined
and found to be the quaternary tosylate I. It is soluble
in hot water, is neutral, shows the infrared absorption
bands characteristic of the p-tosylate ion at 1168, 1118,
1029, and 1007 cm—14, and lacks the band in the

2632-2500 cm~! region indicative of a }}NH@ group.

Since compound I must almost certainly result from a
concerted displacement of tosylate by N-4 with inversion
at C-17, its ready formation under mild conditions and
in good vield establishes the frans relationship of the
groups at C-16 and C-17 in 3-gpi-a-yohimbine. We have
reported that deserpidinol yields «-yohimbyl alcohol on
treatment with 489, hydrobromic acid by demethylation
at C-17 and inversion at C-3%. Since under these condi-
tions inversion at C-17 during the demethylation is very
unlikely, the o-orientation of the C-17 methoxyl in
deserpidine is also established.

The formation of internal quaternary ammoninm salts
during the tosylation of reserpinol and 3-isoreserpinol

- and the conversion to their crystalline iodides, IIa

(m.p. 345-350° (dec.)®, [«]3% + 122° (dimethylform-
amide); Analysis calculated for C,,H,,N,0I: C 54-989;
H 610%; N 5839%; Found: C 54-999%; H 6-30%;

1 ¢, F. HuesnNER, H. B. MacPmiLLamy, E. ScHLITTLER, and
A. F. 81. ANDRE, Exper. 71, 303 (1955). ~ E. WeENKERT and L. H.
Liu, Exper. 11, 302 (1955). — E, E. van TameLeN and P. D. Hance,
J. Amer. chem. Soc. 77, 4692 (1955).

2 B, WeErkerT and L. H. Ltu, Exper. 171, 302 (1955). - E. E. vax
Tamerew and P. D, Haxce, J. Amer. chem. 8Soc. 77, 4692 (1955).

3 F. E. BApER, D. F. DickEL, C. F. HueBNER, R. A. Lucas, and
E. SCHLITTLER, J. Amer. chem Soc. 77, 3547 (1955).

4 T, L. WeisensorN and D. Burw, J. Amer. chem. Soc. 735, 259
{(1953).

5 H. B.MacPuniany, C. F. Hueswzer, E. SCHLITTLER, A. F, S1.
A~DRE, and P. R. ULSHAFER, J. Amer. chem. Soc, 77, 4335 (1955).

& Frroneously reported as m.p. 315-816° (dec.) in paper C. F.
Hues~Ner and E. WENKERT, J. Amer. chem. Soc. 77, 4180 {1955).
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N 5-93%) and 111 a ([«]%} — 95° in dimethylformamide)®,
respectively, have already been reported®. An inspec-
tion of the three dimensional formulas, IV and V,
corresponding to 116 and 1114 reveals that these strue-
tures which lack the C-17 methoxyl are mirror images.
This is the result of a new element of symmetry intro-
duced into the molecule by the quinuclidine ring system.
This is most clearly seen by rotation of V 120° toward
the observer. The contribution of the C-17 methoxyl to
the molecular rotation of 11z and 1I1e may be estimated
as follows: Remembering that [Mp of 114 and [M]p of
1115, must be of equal magnitude and opposite in sign,

MITTOr = = m "o oo mmm oo

Cg

the equations A(OCH,) in Ilg = [Mip of Ila — [Mlp
of I1b and A(OCH,) in II1T1a = [M]p of 1lla — [M]p of
1115 may be solved for A(OCH,) since the molecular
rotational contribution of the C-17 methoxyl in both
ITa and IIla can be assumed to be similar. Thus
A(OCH,) = (= 5960 — 4560) x 0-5 = -~ 700. Further, many
examples drawn from the steroids indicate that the sign
and magnitude of rotational contribution of hydroxyl
and methoxyl groups are similar®. Ki1vy~NE and STOKES®
have proposed gencral rules regarding the contribution
of hydroxyl in cyclic systems in which the ~-CHOH-
grouping is flanked on onec side by ~CH,— and on the
other by

7 C, F. Huesser and B, WeNkeRrT, J. Amer, chem. Soc, 77, 4180
{1955).

8 Analysis reported in paper C. F. HvesNER and E. WENKERT,
J. Amer. chem. Soc. 77, 4180 (1955).

% D. K. Fuxusuaina and T. F. GarracueRr, J. Amer. chem. Soc.
73, 196 {1951).

W, Kivyne and W. M. Stokes, J. chem. Soc. 1954, 1979,

Such a system is present in Ila. It is an a-oriented
substituent at C-17 which would, according to these
rules, have a positive rotational contribution,

We wish to acknowledge the invaluable contributions to this
problem made by ’r. 1. WENKERT, Iowa State College.

C. F. HueB~ER and D. F. DicrEL

Research Labovatories CIBA Phavmaceutical Products
Ine. Summit, New Jersey, April 25, 1956,

Zusammenfassung

Bei der Behandlung von 3-epi-a-Yohimbin mit p-
Toluol-sulfochlorid in Pyridin bei 5° wird mit grosser
Leichtigkeit und ausgezeichneter Ausbeute ein quater-
nires Tosylat erhalten. Dieser Befund, zusammen mit
der bekannten sterischen Beziehung zwischen 3-¢pi-u-
Yohimbin und Deserpidin, stiitzt die Annahme der trasns-
Konfiguration der Substituenten in 16- und 17-Stellung
auch im Deserpidin. Ein Vergleich der optischen Dre-
hungen von Reserpinderivaten spricht fir analogen
rdumlichen Bau des Kohlenstoffatoms 17 im Reserpin.

The Biogenesis of the Morphine Alkaloids
and Related Topics

Several theories have been advanced for the formation
in nature of the typical skeleton of the morphine al-
kaloids. Ropinsox and Sucasawal suggested that sino-
menine {I) is formed from a protosinomenine (II, R = H)
by cyclisation; they synthesised the protosinomenine but
obtained insufficient for further study. For the produc-
tion of thebaine (III) Roninson?! suggested closure of
the 4:5-oxide bridge by the dehydration of a 4:35-di-
hydroxy-compound. The necessary intermediate for this
(IV) would, however, have to be produced by the cycli-
sation of an oddly substituted ¢soquinoline, and the sug-
gestion was accordingly made?! that base (V) (obtained
from the same intermediates as protosinomenine by
closure of the isoquinoline ring e#tho instead of para to
the hydroxyl group) cyclises to (VI), which then under-
goes reversal of the substituents at C(4) and C(13) giving
the base (IV).

More recently ScrOPF?, on the basis of the presumed
oxidation of p-cresol to the ketone (VII)3, suggested

chem. Soc. 3163 (1931);
(1936); Nature 160,

1 R. RominsoN and S. Sucasawa, J.
280 (1933). ~ R, Rosixson, J.chem. Soc, 1079
815 (1947).

2 C. Scuépr, Naturwisscuschaften 11, 241 (1952).

3 R, PumMMERER, D. MELANED, and H. PUuTTFARCKEN, Ber. dtsch.
chem. Ges. §5, 3116 (1922). — R. PumMERER, H. PUTTFARCKEN, and
P. ScuorrLocuir, Ber, disch. chem. Ges, 58, 1808 {1925).



